Postoperative infection control is one of the most important issues for infected aortic aneurysms, and the methods of preventing recurrent infection remain controversial. We previously reported that omental flaps could prevent or reduce the occurrence of infection after implanting an artificial aortic graft. However, the long-term outcomes of this strategy are unknown. We used imaging modalities to evaluate whether wrapping prosthetic grafts with omentum prevents postoperative graft infection over the long-term.
INTRODUCTION
Infected aortic aneurysms are rare, but are associated with high morbidity and mortality rates. The reported incidence of infected aneurysms among all aortic aneurysms ranges from 0.7 to 1.3% [1, 2] . The surgical outcomes of infectious thoracic aortic aneurysms (TAA) remain unsatisfactory because surgery often proceeds on an emergency basis while the patients are in states of sepsis or shock from aneurysmal rupture [1] . The optimal surgical management of infected aortic aneurysms remains controversial, but should include the eradication of the infective source and the reconstruction of the aorta [3] . Therefore, patients face the risk of postoperative graft infection regardless of the outcome of an emergency operation. Published reports describe in-hospital mortality rates of 11-40% and a 0.9-1.9% incidence of graft infections of all types after thoracic aortic operations [4] [5] [6] . The postoperative prognosis depends mainly upon the presence or absence of persistent graft infection. We previously reported that omentum could prevent or reduce the occurrence of infection after the artificial aortic graft implantation [7, 8] , although the long-term outcomes of this strategy remained unknown. Here, we used imaging modalities to determine whether or not wrapping prosthetic grafts with omentum prevents postoperative graft infection over the long-term.
PATIENTS AND METHODS
Between July 1995 and May 2012, we surgically treated 521 patients with TAA at our hospital. Of these, 22 (3.9%) (male, n = 17; mean age, 68.2 ± 11.4 years) had infectious TAA located in the ascending (n = 2) arch (n = 5) and descending (n = 6) and thoracoabdominal (n = 9) aortae. Twelve (54.5%) patients underwent emergency surgery to treat either an impending rupture or a ruptured aneurysm. Four of the 12 patients arrived in shock, and one of them fell into cardiac arrest just before surgery. The mean interval from admission to surgery was 4.2 ± 4.9 (range, 0-14) days. A preoperative diagnosis of infectious TAA was established by computed tomography (CT) in 15 patients during detailed investigations for fever of unknown origin, on the basis aneurysm morphology. The remaining seven patients were postoperatively diagnosed with infectious TAA on the basis of both intraoperative findings such as purulent fluid accumulation in the aneurysmal wall and histological microscopic findings of the aneurysmal wall such as specific organisms and neutrophilic infiltration (Table 1) . Thirteen patients had extant infections and bacterial blood cultures were positive in 17 others (Table 2) .
Our strategy for managing infected TAA comprises the administration of preoperative antibiotics, in-situ graft replacement with surrounding tissue debridement, wrapping of grafts with omentum, intravenous antibiotic administration for six weeks and the lifelong administration of oral antibiotics. Our operative strategy for infected thoracoabdominal aortic aneurysms including major abdominal branches comprises distal perfusion with a normothermic partial bypass, wide debridement of infected tissue, graft replacement in situ with a four-branched Dacron graft and segmental artery reimplantation under motor-evoked potential [8] . An infected ascending aorta is totally replaced under deep hypothermic circulatory arrest (DHCA) with antegrade selective cerebral perfusion (ASCP) for complete resection and debridement of the infected aorta just below the innominate artery. Distal repair proceeds using open distal anastomosis with a single-branched Dacron graft. A total arch replacement is achieved through a median sternotomy with sternum transection plus a left fourth intercostal thoracotomy ('door open' method) [9] . We establish an ASCP through vascular grafts anastomosed to the right axillary artery and a perfusion catheter placed directly into the left carotid and subclavian arteries. Distal anastomosis proceeds under cross-clamping of the distal descending aorta with distal perfusion through the femoral artery to prevent visceral ischaemia. All infectious TAA were completely resected, and in-situ graft placement proceeded under cardiopulmonary bypass as an adjunct to aortic clamping. Grafts were packed with sponges soaked in 10% iodine for 48 h and then wounds were partially closed using only skin. The grafts were wrapped with omental flaps on postoperative Day 3 and then the wounds were fully closed. Omentum was fashioned into a flap via a small upper median laparotomy. The left side of the greater omentum was incised and dissected along with the right gastro-epiploic artery (RGEA) and veins. The grafts were wrapped with the flaps in 16 patients in this series ( Fig. 1 and Supplementary Video 1). Three patients who had previously undergone gastrectomy and three who had been postoperatively diagnosed with infectious TAA from pathological findings did not undergo omental wrapping. All survivors were followed up monthly as outpatients for a mean of 6.3 ± 4.3 (maximum, 14.5 years).
Postoperative graft infection and pedicled omental flaps around prosthetic grafts were evaluated by CT annually in all survivors. Blood circulation in the omental flap was examined by angiography in three patients over the follow-up period.
STATISTICAL ANALYSIS
Continuous data are expressed as means ± SD, and categorical variables are expressed as ratios (%). Characteristics between the two groups were compared using Student's t-test and Statview 5.0. Infection-free survival was estimated using the Kaplan-Meier product-limit method. Survival curves were compared between the groups using the log-rank test (SPSS 13.0, Chicago, IL, USA). P values <0.05 were considered statistically significant.
RESULTS
Five patients died in-hospital (operative mortality, 26.3%) because of multi-organ failure (n = 2), intestinal necrosis, intrathoracic bleeding and acute pulmonary embolism (n = 1 each). Three of these five patients had undergone emergency surgery because of aneurysmal rupture or impending rupture while in a state of septic shock and three had not received omental wrapping. The operative mortality rates were 12.5 and 50.0% among patients with and without omental wrapping, respectively. Although the difference between patients with or without omental wrapping did not reach significance (P = 0.06), omental wrapping nevertheless appeared to prevent early death (Table 3) .
Appropriate antibiotics were intravenously administered to the 17 survivors in-hospital until the WBC and C-reactive protein levels normalized for a period ranging from 4 to 12 (6.4 ± 2.7) weeks and then oral antibiotics were prescribed on an outpatient basis or at another hospital.
One patient who had not received omental wrapping died of massive intrathoracic bleeding at another hospital 6 months after the surgery. One patient died of laryngeal cancer at 4.5 years postoperatively and one each died of acute myocardial infarction and cerebral infarction at 6 months after surgery. The remaining 13 patients have remained well without recurrence for up to 14.5 (mean, 6.3 ± 4.3) years. Postoperative graft infection has not occurred in the 13 surviving patients, 11 of whom underwent omental wrapping. The 5-year infection-free survival rates were 84.6 and 33.3% in patients with and without omental wrapping, respectively, and this resulted in a significant difference (P = 0.025; Fig. 2 ).
Omental flaps were preserved well in seven patients (Fig. 3) , and angiography of the RGEA revealed that blood circulation in the omental flap around prosthetic grafts was well-preserved over the long-term (Figs. 4 and 5) .
DISCUSSION
The reported incidence of infection among all aortic aneurysms ranges between 0.7 and 1.3% [1, 2] . Although this type of aneurysm is quite rare, they are extremely challenging from several viewpoints. First, diagnosis is difficult and they are frequently complicated with fulminant sepsis and aneurysmal rupture at the late stages. Twelve (54.5%) patients in the present series underwent emergency surgery because of aneurysms that had already ruptured, or were about to rupture, and four patients arrived at the emergency room in shock.
Secondly, patients are often immuno-compromised [10] . In fact, 14 (63.6%) of our patients had at least one chronic comorbid condition (Table 1 ). The management of infected aortic aneurysms remains one of the most demanding clinical problems for vascular surgeons. Surgery is more problematic when Figure 2 : Infection-free survival rates at 5 years. Infection-free survival estimated by the Kaplan-Meier product-limit method. Rates are 84.6 and 33.3% in patients with and without omental wrapping, respectively, and this resulted in a significant difference between the groups (P = 0.025; log-rank test (SPSS 13.0, Chicago, IL, USA).
aortic aneurysms are infectious because of an increased risk of preoperative haemodynamic instability resulting from sepsis or aneurysmal rupture, as well as postoperative graft infection.
Aortic replacement in situ is often necessary, and this exposes patients to increased risk of graft-related complications [10] . The standard approach to infectious TAA, which includes excision and replacement or debridement and repair of infected thoracic aortic grafts, is associated with high early mortality rates ranging between 11 and 40% [1, 4, 10] . Our 26.3% mortality rate was similar to that of previous reports. Rifampicin-bonded grafts can help to prevent the postoperative graft infection [11, 12] , and we have used them since 2006. However, given that the target of rifampicin is Staphylococcus, these grafts are ineffective against methicillinresistant Staphylococcus aureus or Escherichia coli [2] . The organisms that are commonly isolated from patients with infected aortic aneurysms include Salmonella, Staphylococcus and E. coli [11, 12] . The aetiology has changed since antimicrobials have become more widespread. We isolated S. aureus from six patients, Klebsiella pneumoniae from three, and Streptococcus pneumoniae and Salmonella from two each ( Table 2) . We previously identified Staphylococcus and Salmonella as the most common pathogens, which was similar to other findings [5] . Even if these organisms are sensitive to rifampicin, a higher serum concentration of this drug is needed to prevent graft infection [13] . Therefore, we considered that rifampicin-bonded grafts cannot completely prevent postoperative graft infection.
We consider that infectious aneurysms must be completely resected and maximally debrided along with surrounding tissue. Moreover, prosthetic grafts must be protected from bacterial infection over the long-term. Reports indicate that biological grafts like homografts or allografts are generally more protective against infection than prosthetic grafts [14, 15] . However, biological grafts are not available in many countries, including Japan. Therefore, understanding how to prevent prosthetic graft infection is important. The postoperative prognosis depends mainly upon whether graft infections are prevented or contained. Strategies like omental wrapping can help to prevent grafts becoming infected and iodine-soaked gauze packing can treat infected artificial grafts [16, 17] . We also found that the omentum could prevent or reduce the occurrence of infection after the artificial aortic graft implantation [7, 8] . The omentum provides a rich blood circulation with a high absorptive capacity, and this aids the clearance of bacteria and foreign material [18] . It can also promote angiogenic activity in structures to which it is closely applied, thus supporting both ischaemic and inflamed tissues [18] . Chandra et al. [19] described that levels of pro-and anti-inflammatory cytokines under normal physiological conditions are high in the omentum and likely play an important role in the omental defence mechanism under pathological conditions. The wound-healing properties of the human omentum are established and have been extensively exploited in the clinical setting. Only one patient in our series who had not received omental wrapping died of long-term infection-related causes (massive intrathoracic bleeding). The other 13 patients have remained well without recurrences during a mean 6.3 ± 4.3 years of the follow-up. Patients with omental wrapping had a significantly higher infection-free survival rate than patients without omental wrapping. Moreover, we confirmed using imaging modalities, that prosthetic grafts wrapped with omentum have the potential to prevent long-term postoperative graft infection. Our experimental studies demonstrated that omental wrapping could prevent or reduce the occurrence of infection after implantation with an artificial aortic graft. By dissecting the omentum along with the right gastro-epiploic artery, we attempted to preserve the veins to maintain blood circulation. However, the present study investigated only a few patients, and thus we cannot reach a definite conclusion. Nevertheless, our long-term angiographic findings suggest that well-preserved blood circulation in omental flaps around prosthetic grafts is important to prevent recurrent infection.
SUPPLEMENTARY MATERIAL
Supplementary material is available at EJCTS online.
Video 1: We present our omental wrapping methods in cases of infectious TAAAs. Grafts were packed with sponges soaked in 10% iodine for 48 h and then wounds were partially closed using only skin. Two days after the initial operation, we removed packing sponges and irrigated with normal saline. The omentum was fashioned into a flap via a small upper median laparotomy. The left side of the greater omentum was incised and dissected along with the right gastroepiploic artery (RGEA) and veins. By dissecting the omentum along with the right gastro-epiploic artery, we attempted to preserve the vein in order to maintain blood circulation using a harmonic scalpel. The graft was wrapped with the omental flap.
